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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction  
 
 
The active integrated antenna (AIA) has been a growing area of research in 
recent years, as the microwave integrated circuit and monolithic microwave 
integrated circuit technologies became more mature allowing for high-level 
integration. From a microwave engineer’s viewpoint, an AIA can be regarded as an 
active microwave circuit in which the output or input port is free space instead of a 
conventional 50-Ω interface. In this case, the antenna can provide certain circuit 
functions such as resonating, filtering, and duplexing, in addition to its original role 
as a radiating element. On the other hand, from an antenna designer’s point-of-view, 
the AIA is an antenna that possesses built-in signal and wave-processing capabilities 
such as mixing and amplification. A typical AIA consists of active devices such as 
Gunn diodes or three-terminal devices to form an active circuit, and planar antennas 
such as dipoles, microstrip patches, bowties, or slot antennas. 
 
Looking back in history, the idea of using active antennas can be traced back to 
as early as 1928 [1]. At that time, a small antenna with an electron tube was 
commonly used in radio broadcast receivers around 1 MHz. After the invention of 
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high-frequency transistors, the study of active antennas received much more attention 
and several pioneering works were reported in the 1960s and 1970s. Several 
advantages of implementing the active devices in passive radiating elements were 
discussed in [2]. For instance, these works include increasing the effective length of 
short antenna and increasing antenna bandwidth, decreasing the mutual coupling 
between array elements, and improving the noise factor. Over the past decades, the 
major driving forces for the research on AIA are the development of novel efficient 
quasi-optical power combiners. The original purpose for the quasi-optical power 
combining is to combine the output power from an array of many solid-state devices 
in free space to overcome combiner loss limitations, which are significant at 
millimeter-wave frequencies. Rather, this paper reviews more on the functional 
performance of individual AIA Recently, numerous innovative designs based on the 
AIA’s concept have been proposed and successively demonstrated. AIA technology 
has evolved to a point where practical implementation for use in the latest microwave 
and millimeter-wave system is considered feasible. It is currently pursued in a 
number of related fields such as power combining, beam steering and switching, 
retro directive arrays, as well as high-efficiency power-amplifier designs. These 
AIA-based designs are particularly attractive for millimeter-wave systems because 
they provide an effective solution to several fundamental problems at these 
frequencies, including higher transmission-line loss, limited source power, reduced 
antenna efficiency, and lack of high-performance phase shifter. This paper reviews 
the recent research activities related to this emerging technology with emphasis on its 
applications in integrated antenna, amplifier. 
 
An active antenna with simultaneous transmit and receive integrates an active 
device into a printed antenna to improve its performance or combine functions within 
the antenna itself. Such antennas are of increasing interest [3] as system designers 
require more complex functions to be implemented in reduced space. New high-
volume millimeter applications such as vehicle collision avoidance radar, wireless 
local-area networks (WLAN), and electronic tagging are driving costs lower and 
putting further constraints on size and weight. This paper hopes to take further steps 
in the integration of active antennas by combining both transmit and receive 
functions into a single antenna. This paper uses a circular polarized microstrip-patch 
antenna resonant at 2.4 GHz, with two metal–semiconductor field-effect transistor 
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(MESFET) to form two amplifiers used in transmit and receive channel separately, 
one Rat-Race Coupler isolated the two channels and one T-junction Power Divider 
connected the two channels to the input and output port. The channels are of the 
same frequency. 
 
 
1.2 Problem Statement 
 
 
The problem statement of this project is stated in the follow: An antenna with 
good gain and integration of transmit and receive for the indoor WLAN in 2.4 GHz 
band is required. Theoretical results are obtained to satisfy good return loss and gain 
requirements and isolation between transmit and receive channels for the active 
antenna with simultaneous transmit and receive, but the practical result is still big 
challenge to be verified, this project will prove that down-to-earth. 
 
 
1.3 Objective 
 
 
The objective of this project is to design, simulate, fabricate and test a 
simultaneous transmit–receive active antenna at the frequency of 2.4 GHz, which is 
attractive for potential uses in WLAN communication.  
 
 
1.4 Scope of Research 
 
 
   1.   To design a circular polarized microstrip patch antenna at 2.4 GHz; 
 To design a Rat-race Coupler at 2.4 GHz; 
        To design an Amplifier’s Biasing circuit at 2.4 GHz; 
        To design a T-junction Power Divider at 2.4 GHz; 
        To combine all these parts above and design an Active Integrated Antenna with 
Simultaneous Transmit and Receive at 2.4 GHz. 
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2 The antenna specifications include parameters such as frequency,    
       bandwidth, and all theoretical investigations.   
3 To simulate all these designs until reach the best result using Microwave   
Office and Agilent ADS software. 
4 The prototype will be fabricated with the available microstrip  materials    
    (FR4) based on the simulation and using wet etching technique. 
5   All the fabrication will be tested in Lab and test bed as a field trial to measure 
their performance. 
6  The comparison between measurement results and simulation results. 
7   Analyzing the results and writing up thesis. 
 
 
1.5 Research Methodology 
 
 
A theoretical and experimental design approach was utilized to optimize the 
antenna structure, the strategy implemented for simplifying the design and 
development procedures in this research work can be divided into the following 
points: 
 
1. Initial concept  
• Literature review 
• Problem statement  
• Design conceptual understanding 
2. Design and simulation stage  
• Design consideration based on previous research results 
• Decide the input parameters of the antenna 
• Design the passive part of the antenna using antenna design software 
(Microwave Office and Agilent ADS). 
• Do simulation for the whole antenna design using antenna design 
software (Microwave Office and Agilent ADS). 
3. Prototype stage 
• Fabrication of the passive part of the designed antenna 
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• Combining the passive and active part of the proposed antenna  
4. Measurement stage  
• Do measurement of the properties of the fabricated antenna   
5. Analysis and conclusion stage 
• Do comparison between measurement results and the simulation results 
and draw a conclusion 
   6.  Collect results and produce papers 
 
The antenna fabrication needs to fit within the costing constraints and the 
availability of materials. The design and development procedures are briefly 
summarized in the following chart Figure 1.1 in particular, this methodology 
provides an approximate chronological progress of the work performed to finally 
complete the full design cycle. 
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1、Initial antenna design specifications: 
·Frequency of the operation 
·Antenna Bandwidth 
·Desired Polarization 
 
 
 
 
 
 
 
 
 
No 
 
 
 
 
 
 
                                                  Yes 
 
 
 
 
 
 
 
 
 
 
                                                                                                                            No 
 
                                             yes 
 
 
 
2、Design antenna dimensions and choose 
feed type 
3、Simulation using an electromagnetic analysis tool 
for  
·Return Loss/VSWR 
·Polarization , Isolation 
5、Prototype fabrication: 
Fabricate the passive antenna and combine the passive and 
active part on the same designed antenna substrate. 
 
6、Perform experimental evaluation of the constructed 
prototype (return loss, bandwidth , aperture profile) 
8、Design complete 
9、Change 
parameters and 
redesign 
the antenna 
4、Design specification 
7、Result agree with 
simulation? 
Figure 1.1 Flow chart representing of AIA with Tx & Rx function 
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1.6 Specification 
 
 
? Antenna patch : FR4 materials εr= 4.6 ,  
h (substrate thickness) = 1.6 mm  
T (conductor thickness) = 0.035 mm 
Patch size: W=205mm, L=160mm 
? Antenna resonate frequency at 2.4 GHz  
? Use Transistor : ATF-21186  (2)  
? Input impedance is 50 ohm 
? Antenna  has Tx and Rx function 
? Passive antenna Bandwidth more than 100MHz , 4% efficiency more 
? Tx and Rx channel isolation is lower than -30dB 
 
 
1.7 Thesis Outline 
 
 
 This thesis consists of six chapters describing all the work done in the project. 
The thesis outline is generally described as follows. 
 
Chapter 1: This chapter explains the introduction of the project. Brief general 
background is presented. The objectives of the project are clearly phased with 
detailed. The research scope implementation plan and methodology are also 
presented.  
 
 
Chapter 2: This chapter discusses some previous literature. It includes Bingchi Luo’s 
new approach which omitted the input matching on designing an Active Integrated 
Receiving Antenna, Robert Flynt’s low cost and compact Active Integrated Antenna 
Transceiver, M.J.Cryan and P.S. Hall’s Integrated Active Antenna with simultaneous 
transmit-receive operation, S. L. Karode’s Dual Polarized Microstrip Patch Antenna 
Using Feedforward  Isolation Enhancement for Simultanious Transmit receive 
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Applications and V.B. Erturk’s Design/Analysis of an Active Integrated Antenna. 
 
 
Chapter 3: This chapter discusses the theory and equation needed to design this AIA 
and its components. This chapter also presents the design, simulation and fabrication 
of every components and final AIA in detail and presents the simulation results. 
 
 
Chapter 4: This chapter presents the setting up of different measurement separately, 
it includes the setting up for biasing circuit testing, setting up for radiation pattern 
and gain measurement and setting up for power strength measurement.  
 
  
Chapter 5: This chapter discusses and analyzes the results of antenna prototype 
measurement compared to the simulation result. The antenna application in the real 
environment and comparison with monopole also presents in this chapter.  
 
 
Chapter 6: This chapter presents the conclusion based on the analysis and 
comparison of results in chapter 5. Recommendations for future works are also 
presented. 
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1.8 Summary 
  
 
 Brief introduction on project and its objective have been presented. Its scopes 
has also been presented to give a clear view on the direction of this project. The 
methodology and outline of this thesis have also been described.  
 
 
 
 
 
 
 
 
